Background: Increased level of serum macrophage inhibitory cytokine-1 (MIC-1), a member of transforming growth factor-β superfamily, was found in patients with epithelial tumors. This study aimed to evaluate whether serum level of MIC-1 can be a candidate diagnostic and prognostic indicator for early-stage nonsmall cell lung cancer (NSCLC). Methods: A prospective study enrolled 152 patients with Stage I-II NSCLC, who were followed up after surgical resection. Forty-eight patients with benign pulmonary disease (BPD) and 105 healthy controls were also included in the study. Serum MIC-1 levels were measured using an enzyme-linked immunosorbent assay, and the association with clinical and prognostic features was analyzed. Results: In patients with NSCLC, serum protein levels of MIC-1 were significantly increased compared with healthy controls and BPD patients (all P < 0.001). A threshold of 1000 pg/ml of MIC-1 was found in patients with early-stage (Stage I and II) NSCLC, with sensitivity and specificity of 70.4% and 99.0%, respectively. The serum levels of MIC-1 were associated with age (P = 0.001), gender (P = 0.030), and T stage (P = 0.022). Serum MIC-1 threshold of 1465 pg/ml was found in patients with poor early outcome, with sensitivity and specificity of 72.2% and 66.1%, respectively. The overall 3-year survival rate of NSCLC patients with high serum levels of MIC-1 (≥1465 pg/ml) was lower than that of NSCLC patients with low serum MIC-1 levels (77.6% vs. 94.8%). Multivariate Cox regression survival analysis showed that a high serum level of MIC-1 was an independent risk factor for reduced overall survival (hazard ratio = 3.37, 95% confidential interval: 1.09-10.42, P = 0.035).
IntRoductIon
Nonsmall cell lung cancer (NSCLC) is one of the most common cancers worldwide and has a poor prognosis. [1] Surgery remains the most important treatment method for patients with stage I-IIIa NSCLC. Conventional platinum-based adjuvant chemotherapy after surgery for patients with Stage II and III NSCLC can improve the prognosis. [2] [3] [4] [5] However, the current use of postoperative adjuvant therapy for Stage Ia and Ib NSCLC is still controversial. [6] About 40-50% of early-stage (Stage I and II) NSCLC patients experience local recurrence and/or metastasis following surgical treatment, with a 5-year survival rate of about 60-90%. [7] [8] [9] [10] [11] The international tumor-node-metastasis (TNM) staging system is an important method to evaluate the extent of lesions of NSCLC; however, differences in prognosis may still exist in patients with similar tumor stage. [12, 13] Therefore, if NSCLC patients at high risk of tumor recurrence or metastasis were screened out in the early-stage, more aggressive, systemic, and local treatment could be implemented to prolong patient survival.
Macrophage inhibitory cytokine-1 (MIC-1), a member of transforming growth factor-β superfamily, is involved in the inflammatory response and tissue repair following acute injury. [14] The expression levels of serum MIC-1 have been reported to be increased in patients with different types of cancer, and some authors have suggested that serum MIC-1 may relate to tumor pathogenesis. The expression levels of MIC-1 have been shown to be increased in brain tumors, melanoma, lung cancer, gastrointestinal and pancreatic cancer, colorectal cancer, prostate cancer, and breast cancer. [15] [16] [17] MIC-1 may have multiple roles in the development of tumors and may be involved in the proliferation, migration, metastasis, and drug resistance. [18] In addition, clinical data have shown that overexpression of MIC-1 protein in tumor cells was associated with a poor prognosis. [19, 20] These previous studies indicated that MIC-1 may have potential as a novel biomarker for diagnosis and prognosis as well as a novel therapeutic target for malignant tumors.
In this preliminary prospective cohort study in our center, we chose to use an MIC-1 serum test kit that we had previously developed and validated, to study patients with early-stage NSCLC, who received standard treatment in Cancer Hospital of Chinese Academy of Medical Sciences from 2011 to 2013. This study aimed to evaluate the diagnostic and prognostic values of serum MIC-1 measurement in the early-stage (Stage I and II) NSCLC.
Methods

Clinical data
This study was approved by the Ethics Committee of Cancer Institute and Hospital, Chinese Academy of Medical Sciences. Written informed consent from all patients was obtained. Adult patients (18 years and older) with early-stage NSCLC were enrolled in this study, who underwent radical resection of primary lung cancer with systematic lymph node dissection from September 2011 to May 2013 in the Department of Thoracic Surgery, Cancer Institute and Hospital, Chinese Academy of Medical Sciences.
The diagnosis of NSCLC in these patients was confirmed postoperatively by cytology and histopathology at the Department of Pathology, Cancer Institute and Hospital, Chinese Academy of Medical Sciences. Stage I and II tumors were defined according to the Union for International Cancer Control TNM staging criteria for lung cancer. Postoperative patient treatment was performed according to the guidelines of the National Comprehensive Cancer Network.
The exclusion criteria included: (1) patients with incomplete image data and undefined clinical stage; (2) suspected or diagnosed metastatic carcinoma, combined with other malignant tumors by abdominal computed tomography (CT)/ultrasound, brain magnetic resonance imaging (MRI)/CT, or whole-body bone scanning; (3) previous history of cancer or preoperative radiotherapy and chemotherapy and other adjuvant therapies; or (4) poor compliance.
The study included a total of 152 qualified patients with Stage I-II NSCLC, 48 patients with benign pulmonary disease (BPD), and 105 healthy controls. BPD patients were diagnosed by cytology and/or histopathology at the Department of Pathology, Cancer Institute and Hospital, Chinese Academy of Medical Sciences. Healthy controls were selected from attendees including our hospital staff and population receiving cancer screening tests at our center, and all physical examinations, serological examination of liver and renal functions, and imaging results were negative.
A volume of 2 ml whole blood sample was collected from each enrolled NSCLC patient before treatment and after admission to the hospital. The blood serum was isolated and frozen at -80°C. Clinical information and results of serum samples were collected and input into the structured database by the physicians who were not directly involved in patient diagnosis, treatment, or sample examination. The patient diagnostic and pathological data were blinded during serum sample collection and biomarker detection.
Enzyme-linked immunosorbent assay for serum macrophage inhibitory cytokine-1
An enzyme-linked immunosorbent assay (ELISA) kit, previously developed by the Biological Testing Center, Cancer Institute and Hospital, Chinese Academy of Medical Sciences and manufactured by Beijing Jin Zijing Biological Technology Co., Ltd., was used. The absorbance value is positively correlated with the MIC-1 level in serum and standard samples, and the MIC-1 concentration in the samples was obtained through the use of standard dose-response curve. A critical reference value for serum levels of MIC-1 was set at 1000 pg/ml.
Postoperative follow-up
Patients were followed up every 6 months following surgery. Routine enhanced chest CT was performed. Abdominal CT/ ultrasound, brain MRI/CT, and whole-body bone scanning were conducted according to the clinical situation. The site and time of recurrence or metastasis of tumor and the time and cause of death were recorded. Follow-up data were obtained at outpatient visits and through telephone interviews. The primary outcome was tumor death, and the secondary outcome was tumor recurrence or metastasis. Survival rate was calculated from the day of surgery to the end date of the primary outcome event or the last follow-up (November 2015).
Statistical analysis
Statistical analysis was performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). The data for serum MIC-1 levels and age were shown as mean ± standard deviation (SD). Data from two groups of independent samples were analyzed for homogeneity of variance and compared using independent samples t-test. Multiple independent samples were compared using one-way analysis of variance, counting data were compared with Chi-square test, and categorical data were compared using nonparametric test. The role of serum MIC-1 levels in the diagnosis and prognosis of early-stage NSCLC was evaluated by receiver operating characteristics (ROCs) curves. Survival curves were estimated using the Kaplan-Meier method, and differences between them were evaluated by the log-rank test. Cox proportional hazards model regression test was used to estimate univariate and multivariate hazard ratios (HRs) for prognosis. A P < 0.05 was considered statistically significant.
Results
Baseline demographic data
A total of 152 early-stage NSCLC patients were enrolled in this study, including 89 females (58.5%) and 63 males (41.5%). The mean age of these patients was 58. Among 48 BPD patients, 20 (41.7%) were males and 28 (58.3%) were females; the mean age was 53.2 ± 10.1 years (range: 23-75 years). In these BPD patients, histological diagnoses showed that 18 patients (37.5%) had pulmonary inflammation, 13 (27.1%) had tuberculosis, 8 (16.7%) had pulmonary hamartoma, 6 (12.5%) had a benign sclerosing hemangioma, 2 (4.2%) had benign adenomatoid hyperplasia, and 1 patient (2.1%) had a benign lung cyst.
Healthy controls consisted of 105 cases from Cancer Institute and Hospital, Chinese Academy of Medical Sciences, of which 59 (56.2%) were males and 46 (43.8%) were females, with mean age of 55.4 ± 9.3 years (range: 20-79 years). No digestive disease was found, and liver and renal functions were normal.
There was no significant difference among the NSCLC patients, BPD patients, and healthy controls after the comparison of baseline demographic data (P > 0.05).
Diagnostic values of serum macrophage inhibitory cytokine-1 protein level in the early-stage nonsmall cell lung cancer
This study showed that the overall mean serum MIC-1 level of patients with early-stage NSCLC was 1325 ± 848 pg/ml, which was significantly higher than those of BPD patients (848 ± 183 pg/ml; t = 7.164, P < 0.001) and healthy controls (367 ± 207 pg/ml; t = 10.481, P < 0.001).
The studies involved 152 early-stage NSCLC patients and 105 healthy controls to evaluate the diagnostic accuracy of MIC-1. The ROC analyses yielded an area under curve (AUC) value of 0.90 (95% confidence interval [CI ] = 0.80-0.94) [ Figure 1 ]. When using 1000 pg/ml as the cutoff value for MIC-1, the optimal sensitivity and specificity were 70.4% and 99.0%, respectively. Multivariate logistic regression analyses on variables including age, gender, and serum MIC-1 showed that MIC-1 was a potential diagnostic biomarker for NSCLC (P < 0.001).
Relationship between serum macrophage inhibitory cytokine-1 level and clinicopathological characteristics in patients with early-stage nonsmall cell lung cancer
In early-stage NSCLC patients, serum levels of MIC-1 were correlated with age (P = 0.001), gender (P = 0.030), and early postoperative death (within 3 years) (P = 0.042) [ Table 1 ].
Serum levels of MIC-1 were significantly increased in women (P = 0.001) or elderly patients aged 60 years and older (P < 0.001). Although there was no significant difference in serum MIC-1 levels among stages of NSCLC, further intergroup comparisons showed that MIC-1 level of T2 patients was significantly greater than that of T1 patients (P = 0.022) [ Figure 2 ]. However, MIC-1 levels were not significantly associated with tumor size, histological type, degree of tumor differentiation, stage, lymph node status, and recurrence/metastasis of early-stage NSCLC within 3 years following surgery (P > 0.05).
Relationship between serum macrophage inhibitory cytokine-1 level and prognosis of early-stage nonsmall cell lung cancer
A total of 152 patients were enrolled in the study with a median follow-up time of 37.6 months. No patients were lost during the follow-up period. Primary outcome (death caused by tumor) occurred in 18 patients (11.8%), and the overall 3-year survival rate was 88.2%; secondary outcome (recurrence or metastasis) occurred in 34 patients (22.4%), of which 7 cases (4.6%) had local recurrence and 27 (17.8%) had distant metastases.
Of those patients who died during the follow-up period, serum MIC-1 levels before treatment (1859 ± 737 pg/ml) were considerably greater than those of the survived patients (1428 ± 852 pg/ml; P = 0.042) [ Table 1 ]. The ROC curve was plotted from the serum MIC-1 level of early-stage NSCLC patients with postoperative outcomes within 3 years, with an AUC of 0.70 (95% CI: 0.59-0.81, P < 0.001) [ Figure 3 ]. When the cutoff value of serum MIC-1 was set at 1465 pg/ml based on the ROC curve, the sensitivity and specificity for prediction of poor patient prognosis during the postoperative follow-up period were 72.2% and 66.1%, respectively.
Patients were grouped using a serum MIC-1 level of 1465 pg/ml as a criterion [ Table 2 ]. Compared with the low serum MIC-1 group (MIC-1 <1465 pg/ml), the early-stage NSCLC patients in the high serum MIC-1 group (MIC-1 ≥1465 pg/ml) were predominantly female (75.9%) and older age (81.0%) (P < 0.01). There were relatively more long-term smokers in the high serum MIC-1 group, but no statistical difference was found. More patients with tumor diameter ≥3 cm (P = 0.011) and T2 stage (P = 0.034) and stage II (P = 0.026) were found in the high serum MIC-1 group, compared with the low serum MIC-1 group. In the high serum MIC-1 group, more patients with NSCLC died during follow-up, compared with the low serum MIC-1 group (22.4% vs. 5.3%, P = 0.002).
Kaplan-Meier survival curve showed that the 3-year survival rate of patients with serum MIC-1 ≥1465 pg/ml was 77.6%, which was significantly lower than that of patients with serum MIC-1 <1465 pg/ml (94.8%) [ Figure 4 ]. The occurrence of the primary outcome event of death following surgery in the high serum MIC-1 group was earlier (log-rank, P = 0.002); 80% of the primary outcome events occurred 12-18 months following surgery in the low serum MIC-1 group. Death occurred 5-25 months postoperatively in the high serum MIC-1 group, indicating that different follow-up strategies may be needed for the two groups.
Univariate Cox survival analysis indicated that the high mortality risk was significantly associated with high serum levels of MIC-1 (HR: 4.56, 95% CI: 1.62-12.79, P = 0.004). After further elimination of the influencing factors that were potentially related to raised serum MIC-1 levels, such as gender, age, long-term smoking history, tumor size, and tumor stage, the multivariate Cox proportional hazards regression models indicated that high serum MIC-1 level was an independent risk factor for postoperative death (HR = 3.37, 95% CI: 1.09-10.42, P = 0.035) [ Table 3 ]. These results indicated that high serum MIC-1 levels was an independent prognostic marker for predicting poorer overall survival in NSCLC patients.
dIscussIon
In this study, a double antibody sandwich serum ELISA serum MIC-1 test kit was used to conduct a serologic study on early-stage NSCLC patients, BPD patients, and healthy controls. This study found that serum MIC-1 levels in patients with early-stage NSCLC were significantly greater than those of healthy controls (P < 0.001) and BPD patients (P < 0.001). These findings suggested that the serum MIC-1 protein may be involved in occurrence and development of NSCLC and may serve as a tumor biomarker in patients with NSCLC. In addition, when a serum MIC-1 level of 1000 pg/ml was set as a critical value, the sensitivity and specificity for the diagnosis of NSCLC were 70.4% and 99.0%, respectively, indicating that MIC-1 has practical value in the screening and early diagnosis of NSCLC.
Although low-dose computed tomography (LDCT) screening is used to screen out patients with early-stage cancer and to reduce the mortality of lung cancer, false-positive diagnoses still exist. [21, 22] Therefore, it is possible that a specific serum marker, such as MIC-1, may assist LDCT in improving early detection rates of NSCLC.
Studies on the serum levels of MIC-1 in patients with earlystage NSCLC showed that the serum MIC-1 levels of females and elderly patients aged 60 years or older were higher than those of males, and young or middle-aged patients, suggesting that MIC-1 levels may be related to age and gender. Serum MIC-1 level in patients with T2 stage was greater than that of T1 stage NSCLC patients, indicating that the serum MIC-1 level could be associated with local invasion of early-stage NSCLC.
Further studies on the prognosis of patients indicated that serum MIC-1 level can be used as a biomarker to determine the prognosis of patients with early-stage NSCLC. The overall 3-year survival rate of patients with serum MIC-1 levels ≥1465 pg/ml was 77.6%, which was lower than that of patients with serum MIC-1 levels <1465 pg/ml (94.8%). After further elimination of the potential influences of factors, such as age, gender, long-term smoking history, tumor size, and degree of local tumor invasion (stage), it was found that high preoperative serum MIC-1 level was an independent risk factor for postoperative death of Stage I-II NSCLC patients. Therefore, preoperative serum MIC-1 level may be of statistically significance for the early screening of high-risk patients with poor prognosis.
When compared with other invasive tests and expensive molecular detection methods, serologic methods are simple, quick, and repeatable. They can also be helpful in preoperative risk stratification of patients, to guide the treatment decisions, and to improve the auxiliary treatments for NSCLC. The time of death following surgery in groups with different serum MIC-1 levels indicated that a postoperative follow-up within 18 months should be done in patients with low serum MIC-1 levels while continuous regular follow-ups are needed for patients with high serum MIC-1 levels.
There are some limitations in this study. First, it is unclear whether high-risk patients with NSCLC will benefit from serum MIC-1 level test, and any treatment guided by the serum MIC-1 levels need be validated by further study. Second, as serum levels of MIC-1 has been described in other benign diseases including chronic obstructive pulmonary disease and acute myocardial infarction, it may be difficult to differentiate whether serum MIC-1 level is specifically related to NSCLC. A large sample size is required to eliminate sampling error because our clinical materials were solely collected from one center. The results of this study should be interpreted with caution. The adjuvant therapy in this early-stage NSCLC population was variable while the relationship between postoperative adjuvant therapy and prognosis was not analyzed. We recommended that further studies be conducted on the application of the results to other patient populations.
In conclusion, the present study suggested that serum MIC-1 level may be a potential diagnostic and prognostic biomarker for patients with early-stage NSCLC. 
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